A new radar interferometer technique has been developed and used successfully at the Jicamarca Radio Observatory in Peru to study the strong nighttime plasma turbulence in the equatorial electrojet. The technique represents a major step forward in radar probing of turbulent irregularities such as (but not limited to) those in the electrojet. In many situations it provides far more information than previous Doppler measurements. We form the cross spectrum of the backscattered signals received from approximately overhead on tWO antennas, separated in this case along an east-west baseline, as well as the individual power spectra. From the phase of the cross spectrum at different Doppler frequencies we can determine the individual positions of plasma wave packets propagating vertically with different velocities, and we find, for example, that oppositely propagating waves always come from distinctly separated regions. The data allow us to study the eddy structure within the electrojet in far more detail than hitherto possible, and by using the irregularity patches as tracers and following their east-west motion, we can obtain a vertical profile of drift velocity. Our first observations of this sort have shown that at night the vertical Doppler velocity at times may substantially exceed the mean horizontal velocity of the patch and the small horizontal velocity near the top and bottom of the layer may actually be westward when the main motion is eastward.
INTRODUCTION
This paper describes an important new radar scattering technique developed at Jicamarca for studying two-dimensional ionospheric plasma turbulence and presents some of the first results obtained from investigations of the equatorial electrojet. More detailed discussion of observations of the irregularities in the electrojet and in the equatorial F region will be given in subsequent publications.
The technique is an extension of a method described by Woodman [1971] , who showed that a radar interferometer could accurately determine the position of a highly localized scattering region. Using the north and south quarters of the large 50-MHz, vertically pointing array at Jicamarca, he was able to measure very precisely the locus of points in the F region at which the line of sight from the radar was perpendicular to the magnetic field, since the scattering irregularities are highly field aligned. He showed that the inclination angles of the then existing magnetic field models were in error by roughly 1 ø.
The technique we shah describe here is similar, except that the baseline is east-west and we also make use of the spectral information in the scattered signal. The method works when the scattering region is highly structured, or more specifically, when the received scattered signal within a particular small interval of Doppler shift corresponds to a small range of angular positions within the scattering volume. We transmit using the entire Jicamarca array (48 X x 48 X), pointed approximately vertically and perpendicular to the magnetic field, and receive separately on the east and west quarters. Each signal is sampled at a number of ranges and then later Fourier-transformed. Next we compute the normalized cross spectrum of the two signals for each range and average the results. For each frequency (Doppler shift) the magnitude of the cross spectrum is a measure of the localization in the E-W plane of the corresponding echoing center (point targets correspond to a value of unity) and the phase determines the mean angular position in the E-W plane. In essence we cross correlate the Copyright ¸ 1981 by the American Geophysical Union. the electrojet is highly structured, and the results exceeded our expectations. We found that at least a portion of the echo at this time usually does indeed come from a few (1-3 typically) discrete locations, even when most of the echo is diffuse. Furthermore, the east-west motion of the discrete echoing centers through the scattering volume can be tracked. We thus can determine some characteristics of the large eddies in which the short-wavelength irregularities are imbedded and can also obtain profiles of drift velocity as a function of altitude and time, using the irregularities as tracers and assuming that they move with the background plasma. These results add new information to that obtained in our most recent previous study of the nighttime turbulence [Farley et al., 1978] . The general properties and current theories of the electrojet instabilities are discussed in reviews by Farley [1979] , Fejer [1979] , and Fejer and Kelley [1980] . Further details concerning some of the material presented here are given by Ierkic [1980] .
THE INTERFEROMETER TECHNIQUE
The geometry of the experiment is illustrated in shall discuss, and the pulse length was 10 • with a matched receiver bandwidth. Eight altitudes from 97.8 to 110.1 kin, and separated by 1.75 kin, were sampled at a sampling rate (pulse repetition frequency) of 400 Hz. The signal voltages were mixed to baseline (the 50-MHz carder frequency was removed), and the resulting voltages from the two quadrature channels of the two receivers were digitized and stored on tape for the off-line spectral analysis.
The first step in the analysis was to calculate a 64-point complex FFT of each signal, implying a frequency interval of 400/64 = 6.25 Hz. The cross product and normalizing terms in (6) were then calculated, and the process was repeated to give a 1.6-or 3.2-s average of the data (10 or 20 spectral samples, respectively) before S•rw was computed. These short integrations were chosen so that we could follow the sometimes rapid changes in phase that occurred as the irregularities moved through the antenna beam. The price one pays for this good time resolution is rather large statistical errors in the spectral estimates. As we shall see, however, useful results can be obtained in spite of these statistical uncertainties.
OBSERVATIONS AND DISCUSSION
The data to be presented were gathered around midnight on two nights in January 1978. The radar was pointed approximately vertically and perpendicular to the magnetic field. For each of the eight altitudes sampled and for each time period of 1.6 or 3.2 s, we calculated the power spectrum from each arm of the interferometer and the amplitude and phase of the normalized cross spectrum $•rw. (7) is large), whereas the highly shifted components come from a localized (coherent) region. Looking at the third row, the phase angle of the cross spectra, we see that the points are highly organized for frequencies where the coherency is large but are nearly randomly distributed at other frequencies. Moreover, there is a small but perceptible increase in the phase in the 6.4 s between the first and third samples, implying an eastward motion of the position of the localized echoing region.
The second data set in Figure 2 illustrates an upward going wave with a mean velocity of about 200 m/s at an altitude near the center of the electrojet. In this case the power spectra and coherency maximize at about the same frequency, and again the corresponding phase angles increase significantly in 6.4 s (note that the angles 'wrap around' and reappear at the bottom of the right-hand panel).
The last set of data, from 26 January and 108 km, shows a particularly interesting sequence. In spite of the short (1.6 s) integrations the power spectra clearly show type 1 peaks corresponding to both upgoing and downgoing waves with velocities of the order of the ion acoustic velocity, and the cross spectral coherency is nearly unity for both, independent of the relative amplitudes in the power spectra. As an aid to the eye we have drawn heavy (light) straight lines through groups of upward (downward) pointing arrows which seem to have an obvious identity. The slopes of these lines give the horizontal component of the apparent velocity of the echoing centers, and in the absence of evidence to the contrary, we will assume that these centers are being convected within the large-scale eddies. In Figure 5 , from 110 km, the echoing regions continue to be in localized groups but do not show a clear drift pattern. A short time later at the same altitude ( Figure 6 ) the drift velocity is clearly westward, although small, i.e., contrary to the velocity at lower altitudes which continues to be eastward.
Figures 3-6 still show only a small portion of the data. By
